This PDF file includes:
Determination of saturation magnetization of the samples Variation of effective spin-mixing conductance (G eff ) with Ta thickness First of all, the in-plane saturation magnetization (M s ) of all the β-Ta/CoFeB/SiO 2 is measured using vibrating sample magnetometry (VSM). Typical magnetic hysteresis loops for Ta(4 nm)/CoFeB(3 nm)/SiO 2 (2 nm), Ta(4 nm)/CoFeB(10 nm)/SiO 2 (2 nm) and Ta(4 nm)/Cu(1 nm)/CoFeB(4 nm)/SiO 2 (2 nm) are shown in figs. S1 (A), S2 (A) and S3 (A), respectively. M s is calculated from the measured moment divided by the total volume of the CoFeB layer. These films are mostly amorphous with very small coercivity (negligible ~ 5 Oe). Effective saturation magnetization M eff , is obtained by fitting the bias magnetic field (H) dependent variation of precessional frequency obtained from the TR-MOKE measurements, with Kittel formula (equation 10) (see figs. S1 (B), S2 (B) and S3 (B)). We have observed some deviation of M eff from the saturation magnetization obtained from VSM measurement (see figs. S1 (C), S2 (C) and S3 (C)). Since these films are not annealed after deposition, we can infer that interfacial anisotropy plays a minor role in modifying the magnetization dynamics for these heterostructures. 
Variation of effective spin-mixing conductance (G eff ) with Ta thickness
Variation of effective spin-mixing conductance (G eff ) with Ta thickness is shown in fig. S4 . G eff shows very fast increase up to t < 4 nm. Then it saturates beyond spin diffusion length of Ta (40). 
